CARLQuIsT, S. (Rancho Santa Ana Botanic Garden and Department of Biology, Pomona College, Claremont, CA 917 11). Vegetative anatomy and relationships of Eupomatiaceae. Bull. Torrey Bot. Club 119: 167-180. 1992.-In order to amplify and correct information in the literature, qualitative and quantitative data are presented for wood, root, stem, and leaf anatomy of the two species of Eupomatia. Perforation plates of vessel elements have many bars and variously extensive remnants of pit membranes; imperforate tracheary elements are septate fiber-tracheids with reduced borders on pits; axial parenchyma is diffuse and sparse. Reports of storying and vesturing in wood of Eupomatia are probably incorrect. Tuberous roots have furrowed xylem and highly parenchymatous secondary phloem. Nodes are multilacunar. Tan nin-like structures in stems and petioles are cellular rather than ducts or cavities. Stomata are paracytic. The two species are compared. Eupomatiaceae are placed in Magnoliales (sensu stricto) in recent studies. Vegetative anatomy confirms that placement, but, as in previous studies, this study cannot decisively place the family close to any one family of Magnoliales.
Eupomatiaceae, with a single genus and two species from eastern Australia and New Guinea (Croft 1978; Floyd 1978) , are a key family for understanding of relationships of angiosperms with numerous primitive features. We have cur rent information on a range of reproductive as pects of Eupomatiaceae: floral anatomy (Endress 1977) , seed dispersal (Endress 1983) , floral bi ology (Hotchkiss 1958 , Endress 1984 , fruit and seed anatomy (Rao 1983) , and pollen morphol ogy and ultrastructure (Hotchkiss 1958; Walker 1 974a, 1 974b; Lynch and Webster 1975; Walker 1976; Walker and Doyle 1976; Walker and Skvarla 1975; Woodland and Garlick 1983; Endress 1986) . Similarly detailed information is not available for vegetative anatomy. Studies on wood anatomy from earlier years include those of Garratt (l933b), Lemésle (1937 Lemésle ( , 1938 , Van der Wyk and Canright (1956), and Takahashi (1985) . Ozenda (1947) and Sugiyama (1976) of fered data on nodal anatomy. Information on stomata and epidermis is given by Baranova (1972) . Behnke (197lb) has contributed data on sieve tube plastid ultrastructure. The recent the sis by Woodland (1982) is not generally avail able, and it contains a number of observations 'Dennis W. Stevenson read the manuscript and of fered helpful suggestions.
Received for publication August 15, 1991, and in revised form October 17, 1991. in conflict with data offered below. Because Woodland's data have been incorporated into the summary for the family by Metcalfe (1987) , a new study of vegetative anatomy that attempts to resolve issues in doubt is desirable.
The probable relationships of Eupomatiaceae are not as controversial as one might think, con sidering that many older angiosperm families tend to be phyletically isolated. Recent phenetic and cladistic analyses (Lammers el al. 1986 ; Dono ghue and Doyle 1989) agree with phylogenetic schemes offered by such authors as Cronquist (1988) . These authors group Eupomatiaceae with Annonaceae, Canellaceae, Degeneriaceae, Hi mantandraceae, Magnoliaceae, and Myristica ceae (although a few other families are variously included in this assemblage). These families may be considered Magnoliales sensu stricto. The cla distic and phenetic analyses show lack of reso lution of nodes in cladograms and phenograms, and the two papers disagree with each other about degrees of relationships among the families list ed. Data from vegetative anatomy are of value in assessing this situation and pointing the way toward greater resolution of the precise phylog eny of magnolialean families. The wood of Eu pomatia is distinctively primitive-although not as primitive as Eames (1961) thought when he said that "the wood is probably the most prim itive among vessel-bearing angiosperms." The primitiveness of the wood is important in at-Materials and Methods. The present study is based on material of E. bennettii F. Muell. pro vided by Peter Endress (cultivated in Zurich, Switzerland), and material of E. laurina R. Br. I collected north of Mossman in Queensland in 1977. Voucher specimens of these collections are located in RSA. These excellent materials per mitted a thorough reinvestigation of vegetative anatomy of the family using both light micros copy and scanning electron microscopy.
Leaves and stems of both species were avail able preserved in formalin acetic alcohol (FAA). Primary stems to be sectioned in paraffin were pretreated with ethylene diamine to soften them; leaves and roots were not softened. Soaking the exposed surfaces of paraffin-embedded material with water greatly aided sectioning. Wood was sectioned on a sliding microtome. Wood sections to be examined with SEM were dried between clean glass slides. Wood sections for permanent slides were stained in safranin and fast green. Macerations were prepared with Jeffrey's Fluid.
Terminology is according to the IAWA Com mittee on Nomenclature (1964), except for pit membrane remnants in perforation plates (this term from Carlquist 1 992a).
Anatomical Descriptions. In order to under stand the wood, root, and stem anatomy of Eu pomatia, one must be aware of differences be tween the two species in habit, although both occur in humid tropical to subtropical forest. Eu pomatia bennettii is a sympodially branched shrub to 1.4 m (Woodland 1982) ; at least several of the roots per plant are markedly tuberous in shape ( Fig. 1) , although the tuberous roots may bear nonsucculent lateral roots. Each stem lasts for only 2-3 years, so that the woody cylinder is at most 5 mm thick (Woodland 1982 ) Eupoma tia laurina, on the contrary, is a woody shrub or small understory tree usually branched from the base. As a small tree, plants of E. laurina may reach 10 m and stems may attain 10 cm in di ameter (Floyd 1978; Royen 1965) . WOOD ANATOMY. Wood of E. bennettii is diffuse porous (Fig. 2 ). Most vessels are solitary (Fig. 2) ; the mean number of vessels per group is 1.14. Vessels are round or oval in outline (Fig. 2) . Mean vessel lumen diameter, 15.5 m. Mean number of vessels per mm 2 , 236. Mean vessel wall thickness, 2.4 m. Mean vessel ele ment length, 657 m. Perforation plates all sca lariform (Figs. 4, 5) , bars bordered and some times only a little narrower than the perforations ( Fig. 5 ), some bars forked ( Fig. 5 ). Mean number of bars per perforation plate, 44. Lateral wall pitting mostly scalariform to transitional on ves sel to ray or vessel to vessel interfaces (Fig. 6 ). Imperforate tracheary elements are all septate fiber-tracheids bearing circular bordered pits about 3 rn in diameter. Mean fiber-tracheid di ameter at widest point, 18 m. Mean fiber-tra cheid wall thickness, 4.2 Mm. Mean fiber-tracheid length, 755 Mm. Axial parenchyma diffuse, sparse. Axial parenchyma typically in strands of four cells, the component cells quite long (Fig. 6, right) . Pits between cells in the strand bordered. Rays Heterogeneous Type I of Kribs (1935) , but with no procumbent cells in my material ( Fig. 3 Woodland (1982) . She found vessels 20-70 m in diameter (probably outside diameter rather than lumen diameter); she cites a range of 70-160 bars per perforation plate. Curiously, Wood land (1982) gives the length of both vessel ele ments and fiber-tracheids as "more than 100 Mm," although I measured no vessel elements or fiber tracheids that short. Woodland's statement that vessels "may occur in clusters of 2-4" could in part be the result of interpreting overlapping ends of vessels as a pair of vessels side by side. Wood land's citation of axial parenchyma as both dif fuse and paratracheal does not take into account the fact that when axial parenchyma is diffuse, the random distribution results in occasional contacts between axial parenchyma and vessel elements. Unless the cells in contact with vessels are more abundant than random distribution of diffuse parenchyma would dictate (and they are not in either species of Eupomatia), one should describe axial parenchyma merely as diffuse. Woodland (1982) [VoL. 119 vestured throughout a wood, not in some areas. My material lacked vesturing when examined with SEM, but did show droplets of amorphous compounds reported by various authors. These may be the leucoanthocyanins reported in Eu pomatia by Bate-Smith and Metcalfe (1957) . Gale (1982) has warned against reporting droplets of secondary plant products as vesturing. Wood land (1982) does not report vesturing in E. lauri na (in which I also found it to be lacking), which is suspicious because ordinarily vesturing char acterizes genera or entire families and species do not differ in this respect. Therefore, I conclude that vesturing is absent in Eupomatia, and that Woodland's (1982) SEM photograph represents droplets of an amorphous compound. In this connection, Woodland erroneously claimed that Bailey (1933) reports vesturing in woods of An nonaceae, Magnoliaceae, and Myristicaceae. Bailey (1933) lists Annonaceae, Magnoliaceae, and Myristicaceae as families he investigated (numerous species of each), but he leaves these in ordinary type face in his table; only the fam ilies in italics in Bailey's table are claimed by him to have vestured pits in vessels. Woodland (1982) reports a gradation between vessel elements and tracheids in E. bennettii, based on presence of pit membrane remnants in perforations. In wood of a number of primitive dicotyledons, extensive threadlike remnants of pit membranes are present in perforations (Cariquist 1988, 1 992a). Although an indicator of primitiveness in a wood, these remnants do not disqualify a cell from being a vessel element, for the other features of a vessel element are all present: diameter greater than that of a tracheid, differentiation between an end wall and a lateral wall in pitting, and length shorter than for the imperforate tracheary elements they accompany (for a discussion, see Carlquist 1 992b). Inciden tally, one should note that a transition between vessel elements and tracheids would clearly not be expected in Eupomatia, because Eupomatia wood has fiber-tracheids quite different from tra cheids, and no cells that could be termed tra cheids other than the vessel elements mentioned by Woodland (1982) .
The wood of roots of E. bennettii ( Fig. 7 , bot tom) is essentially like that of stems except that vessels are narrower than they are in stems, and thus in the roots vessels are of diameter very similar to that of the fiber-tracheids. Fiber-tra cheids and vessel elements in roots have walls less thick (about 2.2 m) than in stems, a fact in accord with the greater mechanical strength of stems as compared with roots.
Eupomatia laurina stem wood is diffuse porous (Fig. 12 ). Vessels are mainly solitary (Fig. 12) ; the mean number of vessels per group is 1.29. Vessels are often in radial chains ( Fig. 12 ). Mean vessel lumen diameter, 52 tm. Mean number of vessels per mm 2 , 61. Mean ves sel wall thickness, 2.4 m. Mean vessel element length, 1308 m. Perforation plates basically sca lariform ( Fig. 17) , although some bars are forked ( Fig. 16 ), and there are interconnections of sec ondary wall material between bars (Fig. 20) . In some perforation plates, perforations are short and oval, and thus the plate, or a portion of it ( Fig. 19 , lower left) is multiperforate. Pit mem brane remnants in perforations may be absent ( Fig. 16 ), very sparse ( Fig. 20) , or present as a series of strands (Figs. 17, 18, 19) . These pit membrane remnants should not be confused with secondary wall material that forms bridges be tween adjacent bars in a perforation plate (Fig. 20) . Mean number of bars per perforation plate, 81. Lateral wall pitting is transitional or scalari form on vessel-ray and vessel-axial parenchyma interfaces; vessel to vessel pitting is most com monly opposite. Imperforate tracheary elements are all septate fiber-tracheids ( Fig. 15 ); the septa are usually several per fiber-tracheid. Pits on fi ber-tracheids have pit cavities about 2 im in diameter, but pit apertures are slitlike or ellip tical ( Fig. 16 , left) and longer than the cavity diameter. Mean fiber-tracheid diameter at widest point, 28 .tm. Mean fiber-tracheid wall thickness, 5.3 m. Mean fiber-tracheid length, 1801 tim. Axial parenchyma diffuse, sparse; number of cells per strand mostly six. Inconspicuous borders present on pits among cells in axial parenchyma strands. Rays Heterogeneous Type I of Kribs (1935) , but uniseriate rays are less common than multisenate rays ( Fig. 13 ). Procumbent and square cells are infrequent in rays; the central portion of multiseriate rays consists mostly of upright ray cells (Fig. 14) ; uniseriate rays consist wholly of upright cells, some of which are hor izontally subdivided. Oil cells are present in rays ( Fig. 14 The range Woodland gives for number of bars per perforation plate ("25-100") appears an es timate rather than an accurate count. On these figures Metcalfe (1987) bases his statement that bars are more numerous in perforation plates of E. bennettii than in those of E. laurina. I found the reverse to be true. Although my specimen of E. bennettii was relatively immature (woody cyl inder about 2 mm thick as opposed to the max imal 5 mm-the latter probably true of Wood land's material), my specimen of E. laurina was a stem 3.4 cm in diameter (without bark), far from the maximal 10 cm diameter (see above) reported for the species. Because vessel elements tend to increase in length with increase in di ameter of a stem, my material of Eupomatia laurina may have shown a greater number ofbars per perforation plate. The number of bars may tend to increase in number concomitantly with increase in vessel element length in a species or genus with scalariform perforation plates, but I do not know of any definitive demonstration of such a correlation.
As in E. bennettii, Woodland (1982) has re ported a transition between vessel elements and tracheids in E. laurina. This "transition" is lim ited, as mentioned above, to presence of pit membrane remnants in perforations of some vessels, but the vessel elements are otherwise characteristic vessel elements. Woodland terms the pit membrane remnants "warts" when they are scanty; this term should not be followed be cause it has been used for vesturing of inner wall surfaces of tracheary elements. Woodland (1982) reports the pit membrane remnants to be most abundant in vessel elements close to the cam bium in E. laurina. This distribution raises the possibility that Woodland may have been study ing immature vessel elements in which the lysis characteristic in membranes in perforations had not yet taken place. We do need, however, fur ther studies on distribution of different degrees of pit membrane remnants within a wood.
Reports by Woodland (1982) and Garrett (1 933b) indicate that pits on fiber-tracheids in Eupomatia are sometimes simple; I found pits of these cells always vestigially bordered. On the contrary, Eames (1961: 43) claimed that "the pits of tracheids are all scalariform in Trochodendron and Eupomatia." The fiber-tracheids of Eupom aria are far too narrow to bear scalariform pit ting, and no other worker has observed tracheids with scalariform pitting in Eupomatia. Eames (1961: 49) says that in Eupomatia "all intertra cheary pits are scalariform." Even if this latter statement were intended to pertain to intervas cular pitting, it would not be true, because in tervascular pitting is mostly opposite in Eupom atia laurina (the species to which Eames would likely have had access, judging by his figures of the flowers), and scalariform to transitional in E. bennettii. The observations by Eames on tra cheid pitting of Eupomatia must be disregarded, although they explain why Eames (1961: 399) thought that in Eupomatia "the wood is prob ably the most primitive among vessel-bearing angiosperms." Possibly Eames had a misiden tified wood sample.
Woodland's(l982) claim that wood is "nearly storied" appears to be based on faulty sectioning. The sections she cites as showing a "nearly sto ried" condition are sectioned obliquely; when a tangential section is as oblique as those she shows, cells may appear to terminate at similar levels because they are cut off at similar levels. The wood of Eupomatia has not been reported as storied by any other investigator, nor is a storied condition likely in a wood so primitive and with such long tracheary elements.
Garratt's (1933b) claim that ethereal oil cells are absent in wood of Eupomatia can be refuted by the present report (Fig. 14) .
ROOT ANATOMY. The tuberous roots of E. bennettii (Figs. 7-8) have a distinctive anatomy that is worthy of extended description and illus tration. The secondary xylem (Fig. 7, bottom) is noteworthy in that as secondary growth pro ceeds, some files of the cambium add xylem cells at a greater rate than others. Moreover, ray tissue in the secondary xylem is added at a slower rate than axial xylem. This differential deposition of xylem results in the appearance termed "fur rowed xylem" by Metcalfe and Chalk(1950) and Carlquist (1988) . The vascular cambium of tu berous roots adds secondary phloem that, while not exceptional in number of cells produced, is exceptional in degree of cell enlargement. The secondary phloem of the tuberous root of E. ben nettii is shown in part in the upper two thirds of Fig. 7 ; it extends beyond the top of the photo graph. The secondary phloem consists mostly of phloem parenchyma in which isolated strands of sieve elements and companion cells (arrows) are embedded. Phloem parenchyma cells are gen erally rich in starch, but some groups of phloem parenchyma cells do lack starch. In thick sections cut with a razor blade, these starch-free cells can be identified as groups of ethereal oil cells. [VoL. 119 The cortical cells of the tuberous root become much enlarged (Fig. 8, bottom) . Radial divisions in these cortical cells, leading to formation of vague files, doubtless permit enlargement of the cortex without excessive stretching of cells. The surface of tuberous roots (Fig. 8, to) is covered by periderm in which the cells lack contents. Oc casional cells of the outer cortex could be called thin-walled sclereids by virtue of presence of hg nified walls (arrow).
The abundance of starch in tuberous roots of E. bennettii is noteworthy. Starch storage of this magnitude is understandable in terms of the size of the flowers and fruits of this species, and the amount of energy that is devoted to them within a short span of time. A study of accumulation and mobilization of starch in the roots would be desirable. STEM ANAToMY. The stem ofE. bennettii (Fig.  9 ) has a ridged surface, perhaps conforming to the decurrent leaf bases. Occasional uniseriate glandular trichomes occur on the stem (Fig. 9 , near top). The terminal cells of these trichomes do not persist at maturity. The cuticle is thick on basal cells of the trichomes and on adjacent epidermal cells. Subdivision of parenchyma un derlying the trichomes occurs to various degrees, producing widened bases for the trichomes. The outer part of the cortex is collenchymatous. Inner cortical cells are thin walled parenchyma. Oc casional oil cells occur throughout both outer and inner cortex. Phloem fibers are present, corre sponding to major bundles of the primary stem ( Fig. 9, right) . The pith consists of large paren chyma cells with moderately thick walls; a few groups of cells of narrower diameter are scattered throughout the pith. Druses and prismatic crys tals occur in a few of the pith parenchyma cells. Occasional ethereal oil cells occur in the pith.
Stems of E. laurina have a relatively smooth cylindrical outline; trichomes are not evident. The epidermal cells are covered by a thick (ca. 5 tm) cuticle. The outer cortical cells bear col lenchymatous thickenings, but occasional outer cortical cells are thin walled sclereids. The inner cortex is composed of thin walled parenchyma. Occasional tannin cells are present in the inner cortex. A few oil cells and crystal containing cells occur in the cortex. Chloroplasts and starch grains can be observed in the cortical cells. Phloem fiber groups correspond to the bundles of the primary stem. The pith consists of large thin walled pa renchyma cells, ethereal oil cells, and tanning cells. Most of the pith parenchyma cells contain a single small druse each.
NODAL AND PETI0LAR ANATOMY. The nodal anatomy of Eupomatia is multilacunar (Ozenda 1947; Sugiyama 1976) . Eames (1961) gives the number of traces (and associated gaps) as 7-11, and Woodland (1982) extends that range to 6-11. However, the nodal anatomy of seedling leaves does not appear to have been studied; we might expect fewer traces in at least a few of the first-formed leaves.
The petiole ofE. bennettii contains a U-shaped arc of cells. Fibers accompany the phloem poles of the large bundles of the arc, and fibers cross the top of the U-shaped arc, enclosing a central core of parenchyma. The ground tissue consists of parenchyma, and close to the surface of the petiole, collenchyma. Occasional oil cells are present in the ground tissue, but no tannin cells were observed.
In the petiole of E. laurina (Fig. 21) , the U-shaped arc of bundles is larger than in E. ben nettii; bundles are spread apart in the petiole, but are in a tight arc closer to the lamina, as in Fig.  21 . A band of fibers crosses the open end of the arc on the adaxial side of the petiole. Within the arc of bundles is hignified thin walled parenchy ma. The ground tissue outside of the vascular arc is composed of parenchyma; the outermost ground tissue layers have thin collenchymatic thickenings. Although I did not observe oil cells in the petiole, a few are likely to be present. Groups of tannin cells are present in the ground tissue both inside and outside of the vascular arc (black areas, Fig. 21 ). LAMINAR ANATOMY. Leaves of both species of Eupomatia are moderately thick, a fact per haps related to the evergreen nature of the leaves. The lamina of E. bennettii (Figs. 10, 11) is com posed of about seven layers of mesophyll cells. Although the most adaxial of the mesophyll lay ers may be termed a palisade layer, there is little differentiation among the layers. Oil cells are abundant (Figs. 10, 11) , although I did not ob serve oil cells in the parenchyma layer adjacent to the upper epidermis or the lower epidermis. The cuticle of the adaxial epidermis is about 3 tm thick, that of the abaxial epidermis about 2 m thick. I observed one tannin cell in the me sophyll of my material; tannin cells are mostly confined to stems and petioles in E. bennettii. Larger leaf veins of E. bennettii have fibers both adaxially and abaxially (Fig. 10) , although the majority of smaller veins lack fibers (Fig. 11) . Stomata are in the abaxial epidermis exclusively, and have a paracytic (rubiaceous) arrangement of subsidiary cells.
In E. laurina (Fig. 22) , the lamina is thicker, due to cell size and layer number: the mesophyll is eight cell layers thick in my material. There is one cell layer definable as palisade by lack of intercellular spaces, although the cells are not markedly elongate. Five abaxial mesophyll lay ers are spongy cells by virtue of large intercellular spaces, and perhaps two of the mesophyll layers are intermediate between palisade and spongy morphology. Oil cells are common, and were observed in all mesophyll layers. In paradermal sections, the chlorenchyma cells surrounding oil cells are centric in that they radiate away from the oil cell. No tannin cells were observed. Epi dermal cells are larger in the adaxial epidermis than in the abaxial epidermis, but the adaxial cuticle is thinner (3 m) than the abaxial cuticle (4 nm), in contrast toE. bennettii. Veinlet termini in E. laurina lack phloem. These veinlet termini typically have enlarged storage tracheids in which the lignified secondary walls bear not helical bands but striately sculptured secondary wall material (Fig. 23) . Stomata occur only on the abaxial side. Subsidiary cells are in a paracytic arrangement (Fig. 24) . Search for patterns involving more than a pair of subsidiary cells revealed no consistent pattern, and the definition of the configuration must be limited to the (rubiaceous) arrangement of the pair of subsidiary cells. Leaf venation was not studied here, because Woodland's (1982) reports appear accurate. Us ing the terminology of Hickey (1973, 1974) , Woodland (1982) described venation of leaves of both species of Eupomatia as consisting of pinnate arrangement of veins, which form camp todromous and brochidodromous patterns. Sec ondary veins form a moderate angle of diver gence from the midvein, and the upper secondary veins have a slightly more acute angle with the midvein than the lower veins. Intersecondary veins are mostly compact. Tertiary veins show RA, RO, and OR divergence from secondary veins, with reticulation patterns random to percurrent. Marginal veins are mostly branched three times. Areolation is imperfect, with meshes oc casionally incompletely closed, usually quadran gular and pentagonal and small.
TAr.muN CELLS. Woodland (1982) and some other authors refer to tanninferous ducts in Eu pomatia. The granular appearance of contents and their staining justifies their identification as tannins, as claimed by Lemésle (1937 Lemésle ( , 1938  Vander Wyk and Canright (1956) demurred. There may be both tannins and another kind of compound. The basic question of whether the tanniniferous structures are cellular ("cells") or intercellular ("tubes, ducts") needs to be ad dressed.
Study of these structures reveals clearly that the tannimferous structures are cellular. Small intercellular spaces can be associated with the tanniniferous cells; some intercellular spaces ad jacent to the tannin cells become filled with the tannins, but other remain free of the deposits. Presence of cell walls corresponding to the def inition of a cellular condition for the tanninifer ous structures can often be demonstrated, and the intercellular spaces mentioned represent one part ofthat definition. Where several tannin cells are adjacent to each other, intervening walls are sometimes evident, often by virtue of shrinkage of the contents away from the walls. When seen in longitudinal section, the tannin cells are most ly elongate, with an indefinite number of tannin cells aggregated longitudinally. The erroneous designation of the tanniniferous cells as "ducts" may be based on the tendency for the tannin cell aggregations to be longitudinally elongate, as well as for the walls intervening between the cells to be obscured; possibly some of these intervening walls may even disappear. Because intercellular secretory canals charac terize some families of dicotyledons, the cellular nature of tanniniferous structures in Eupomatia is important to note. A phenomenon that should be discussed in connection with the tannin cells of Eupomatia are the tanniniferous tubules in rays of woods of Myristicaceae (Garratt 1 933a).
Careful observation reveals that these "tubules" begin as narrow procumbent cells. Vertical walls separating the cells involved in these tubules soon either disappear or are obscured (Carlquist 1988) . Because the tannin-bearing structures of both Eupomatiaceae and Mynsticaceae appear to be cellular rather than intercellular, this feature may be an indicator of relationship between the two families.
Intrafamilial Systematics. The vegetative anatomy of the two species reveals numerous features by which the two species differ from each other. Obviously the distinctive tuberous roots of E. bennettii with their lightly parenchymatous secondary phloem devoted largely to starch stor age are an obvious source of species differences. The sympodial habit of E. bennettii is related to short duration of stems in that species; in turn, these stems have a thin cylinder of secondary xylem but great mechanical strength because of the prominent stem collenchyma, narrow ves sels, thick walled vessels, thick walled fiber-tra cheids, and thick walled pith parenchyma cells in E. bennettii as compared to E. laurina. The thinner leaves, tendency for oil cells to be absent in mesophyll layers adjacent to epidermis, and the cuticle pattern (thicker on adaxial than ab axial epidermis) ofE. bennettii contrast with cor responding character states in E. laurina. 1971b , 1972 Behnke and Dahlgren 1976 of Eupomatiaceae) must be taken into account. Paracytic stomata are shared by Calycanthaceae, Chloranthaceae, Eupomatiaceae, Himantandra ceae, and Schisandraceae-a list quite at odds with the groupings of any existing system. Wood anatomy is of special interest with re spect to these magnolialean families because there is great diversity within the magnolialean fam iLies, and there is a wider range in levels of spe cialization. Because of primitive floral features in these families, botanists unfamiliar with wood anatomy tend to be surprised when they find that, for example, perforation plates of vessels in Annonaceae and Calycanthaceae are simple. The perforation plates of most species of Mag noliaceae have fewer than 10 bars and the num ber is also rather low in Degeneriaceae, Himan tandraceae, and Magnoliaceae. Only Canellaceae among the vessel-bearing magnolialean families share with Eupomatiaceae the feature of long scalariform perforation plates with numerous bars. Canellaceae is of interest because of all these families, it also has the most primitive imper forate tracheary elements: tracheids with fully bordered pits (Wilson 1960) . The remaining ves sel-bearing families, like Eupomatiaceae, have fiber-tracheids with much reduced pit borders. The reduction in pit borders is probably not the product of long gradual evolution. When the im perforate tracheary elements shift from conduc tive to nonconductive, reduction of pit borders doubtless proceeds rapidly to a vestigial state, because borders are of selective value in con ductive elements (for reasons, see Cariquist 1988). Increase in longevity of imperforate tracheary elements (nucleated or septate fibers or fiber-tra cheids) converts imperforate tracheary elements to a nonconductive status, so this single change doubtless accelerates specialization of the im perforate tracheary elements. Thus, one should not expect bordered pits like those of tracheids to be retained in Eupomatiaceae, although other primitive wood features have been retained in Eupomatia.
Systematic
All of the magnolialean families cited above do have diffuse parenchyma, a primitive char acter state, except for Myristicaceae (banded and diffuse), Himantandraceae (banded) and Mag noliaceae (banded). Narrow bands of parenchy ma are phyletically close to diffuse parenchyma, so stress should not be put on this feature. Win teraceae have both diffuse and banded paren chyma, for example (Carlquist I 989b).
Thus, as with other features, the distribution of character states in wood anatomical characters and stomatal types do not occur in patterns that place the magnolialean families into clear phy logenetic sequences. These families have likely been separate for so long that evolution has oc curred independently in various characters, obliterating both the primitive conditions (in many taxa) and the intermediate stages. In a sit uation like this, phenetic and cladistic analysis based on morphological and anatomical features is unlikely to resolve interfamilial relationships well. Consequently, data from various types of DNA analysis offer the most promising oppor tunities for clarifying interfamilial relationships of the magnolialean families.
